A method is described for quantitative extraction of Nematophthora gynophila and Verticillium chlamydosporium spores from soil. These two species of fungi can prevent populations of the cereal cyst-nematode, Heterodera avenae, increasing when susceptible cereal hosts are grown. The soil sample is wet sieved and the spores separated by centrifugation on a high specific gravity solution of magnesium sulphate. The spore suspension is counted directly under a compound microscope (125 x ). About 80% of spores added to three soils of different texture were recovered. In a survey of 23 soils, spore numbers of both fungi were large where H. avenae failed to multiply on susceptible hosts, and small where the nematode was increasing or causing damage.
INTRODUCTION
The parasitic fungus, Nematophthora gynophila Kerry & Crump, attacks females of several species of cyst-nematode and prevcnts cyst formation (Kerry & Crump, 1980) . The fungus is widespread in soils infested with the cereal cystnematode, Heterodera avenae Woll., and can prevent nematode multiplication on susceptible cereal crops (Kerry & Crump, 1977; Kerry et al., 1980) . The cuticle of parasitized females is destroyed within about 7 days at 13 leaving a mass of resting spores which are readily dispersed in the soil (Crump & Kerry, 1977) . Estimates of N. gynophila in soil based on the recovery of diseased females necessitates frequent sampling. Also, recovery of the parasitised nematodes whose cuticle has been destroyed is difficult using wet sieving techniques, and rates of parasitism are underestimated (Kerry & Crump, 1977; Kerry, 1980) . There is a need for a quantitative method to estimate N. gynophila which does not rely on the recovery of diseased females from soil. The method described below extracts the fungal resting spores from soil and determines their numbers.
Most techniques for the estimation of fungal densities in soil rely upon germination of spores and growth of a mycelium on artificial media (Blair, 1944) neither of which has been achieved with N. gynophila. Spores of Plasmodl*ophora brassicae Wor., which also cannot be cultured were extracted from soil using centrifugation and sedimentation on sucrose (Buczacki & Ockenden, 1978) . Although the spores are small (2.4-3.9 gm diam.) they occur in large numbers ( > 105 spores/g air-dried soil) allowing spore suspensions to be greatly diluted to facilitate counting without reducing accuracy. Initial tests of the recovery of N. gynophila indicated that spore densities in soil were much less than those of P. brassicae and a more complete separation of spores from soil is necessary. While the method for extracting resting spores of N. gynophila was be-ing developed chlamydospores of Ijerticillium chlamydosporium Goddard were also recovered.
This fungus is the most important egg pathogen of the cereal cystnematode (Kerry & Crump, 1977) and of the beet cyst-nematode (Tribe, 1979) and the chlamydospores were counted in all the tests done.
MATERIALS AND METHODS
Spore suspensions of N. gynophila and V. chlamydosporium were found to float in a concentrated solution of magnesium sulphate when centrifuged at low speeds, but when soil particles were present most spores were carried with the soil mineral fractions to the bottom of the tube. This effect was minimised by wet sieving the sample to remove most of the soil before centrifugation. The optimum specific gravity of magnesium sulphate and centrifuge speeds and times were determined and the following method adopted.
The extraction method. The soil is passed through a 4 inm aperture sieve to remove large particles. After thorough mixing of the soil, a 25 g and 100 g sample are taken for spore extraction and for moisture assessment respectively. The 25 g sample is washed with a fine spray through three sieves of decreasing aperture size (1000 /tm, 150 Itm and 53 gm) and is collected on a 10 /tm aperture nylon sieve (Henry Simon Ltd., P.O. Box 31, Stockport).
The flow of water through the 10 gm aperture sieve is enhanced by using a vibromixer (A.G. fur, Chemie-Apparatebau, Zurich) or by placing a sponge against the underside of the mesh. The sediment remaining is washed onto 250 ml magnesium sulphate (S.G. 1.30, concentration 650g/litre anhydrous MgS04) in a centrifuge bottle, so that it forms a separate upper layer, and is centrifuged at 39 relative centrifugal force (R.C.F.) for 4 minutes. The supernatant, containing particles between 10 and 53 /tm diameter and of specific gravity < 1.30, is immediately poured onto a 10 gm aperture sieve and washed with water. The diluted magnesium sulphate passing through the sieve is collected and reused after adjusting its specific gravity. The suspension containing the spores is washed into a 10 ml tube and centrifuged at 850 R.C.F. for 5 minutes after which the supernatant is discarded leaving the sediment containing the spores in 0.5 ml water. The sediment is mixed by stirring with a pipette while blowing air through it, and a 0.01 ml sub-sample is placed in a small drop of 50% glycerol in water, on a graduated perspex slide, and covered with a coverslip (d. 13 mm); the glycerol reduces evaporation.
Spores of N. gynophila and V. chlamydosporium are counted at 125-200 x magnification.
Two or three sub-samples are counted and the mean number of spores per gram air-dried soil calculated.
